ABSTRACT
InTRoduCTIon
Lumbar radicular syndrome is characterized by low back pain, leg pain and/or neurological deficits due to compression of one or more nerve roots as a result of lumbar or sacral intervertebral disc herniation (35) . The development of low back and leg pain due to lumbar disc herniation is an important public health problem owing to its prevalence and health-care expenditure (4, 40).
Conservative and surgical methods are used for the treatment of lumbar disc herniation (36) . There are different opinions and approaches for lumbar disc hernia surgery; lumbar microdiscectomy, a minimally invasive intervention,
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is a surgical technique that is proven effective and hence recommended (3) . Microdiscectomy is more successful than open surgery (1, 3, 32, 34) . However, it has been reported that complete recovery was not obtained and complaints continued in 5%-20% of patients due to disc herniation (3, 15, 22, 31) .
The reason for continued pain or complaints after the surgery is not fully elucidated. Previous studies report that surgical selection criteria, surgical technique and post-operative rehabilitation directly affect outcomes (6, 16, 19, 20, 24, 38) . Pain may continue because of muscular atrophy, developing secondary to longstanding inactivity (5, 21) . When atrophied muscles weaken, the load on intervertebral discs and surrounding ligaments increases (11) . In addition, a reflex inhibition mechanism develops along with inactivity (39) . Muscle weakness may start a vicious cycle. Abnormal use of other muscles may also lead to pain. Postural changes may be particularly observed in unilateral disc herniations. Minor postural changes may lead to significant changes in the intervertebral disc load (8, 12) and zygapophysial joints (6) . It has also been shown that long-term root compression and loss of labour have negative effects on surgical outcomes (8, 13, 17, 18) .
Previous studies found that exercise programs implemented after lumbar disc herniation surgery effectively reduce postoperative pain and disability, improve general health status, facilitate early return to daily activities and improve the quality of life. Different types of exercises were applied in different combinations and intensities; however, there is no single treatment protocol on which a consensus has been reached about the type, intensity or when to start exercise as well as whether home-or clinic-based exercise should be applied (2, 6, 14, 19, 20, 24, 27, 37, 38) . The current study aimed to determine whether an early home-based exercise program would provide additional benefit to patients who underwent microdiscectomy for lumbar disc herniation. Patients in each group were raised by the surgeon on postoperative day 1 and wound care was administered. They were then given instructions regarding lying, standing, sitting and walking by a physical therapy and rehabilitation specialist.
mATeRIAl and meThodS
No additional exercises were given to the control group. The treatment group was given a home-based exercise program starting on post-operative day 1. The home-based exercise program included pelvic tilt and abdominal exercises and isometric quadriceps strengthening and isometric thigh extensor strengthening exercises on post-operative day 1. Back stretching exercises, straight leg raise test, harmstring stretching, hip flexor stretching and isotonic quadriceps strengthening exercises were added after the first week. Passive and active low back extension exercises, low back muscle strengthening and mobilization exercises and isotonic hip extensor strengthening exercises were added after the sixth week. Two sets of each exercise were completed daily, three days a week, for 12 weeks. Exercises given in the first week were 10 repetitions and exercises given after the first week were started at 5 repetitions and increased as much as possible until a maximum of 10 repetitions were achieved. Exercises were demonstrated to the patients along with instructions.
All assessments were done before and 12 weeks after the surgery by a physical therapy and rehabilitation specialist blinded to the study. Patients were evaluated using the Oswestry Low Back Pain Disability Questionnaire, Visual Analogue Scale (VAS), Beck Depression Inventory scale, and the Short Form (SF) 36 (1, 7).
Assessment Parameters
The Oswestry Low Back Pain Disability Questionnaire is composed of 10 questions that evaluate pain, self care, heavy lifting, walking, sitting, standing, sleeping, social life and travelling, scoring them between 0 and 5. The highest possible score is 50 and results are given as a percentage (score/total Ogutluler Ozkara G. et al: Physical Therapy After Lumbar Disc Surgery score (50) × 100 = %). The Turkish validity and reliability have been shown (41) .
The VAS was used to measure severity of low back and/or leg pain. Participants were asked to score the pain they felt on a 10-cm scale using an 'X' sign. On this scale, '0' indicated no pain and '10' indicated the most severe pain. The numerical value was recorded as the pain severity of the patient. The Turkish reliability and validity of this scale have been shown. All patients were questioned about the duration of time it took to resume work at the end of the study, whether they received analgesic drugs or not, and satisfaction from the treatments. It was recommended that the patients contact either the surgeon or us as soon as possible in case of pain or other complaints. Duration and dose of the required analgesic during this period was evaluated separately at the end of the study.
Resuming work: Participants were asked when they resumed work and daily activities. Time taken to return to daily activities was considered for housewives and retired participants. Assessment was done 12 weeks after the surgery.
Patient satisfaction:
The patients' satisfaction from the treatment was recorded.
Statistical analysis: A statistical package program was used for data analysis. The Kolmogorov-Smirnov test was used for normality distribution along with descriptive statistics (frequency, percent, mean and standard deviation). Pearson's chi-square test was used for comparing qualitative data.
Inter-group comparison of qualitative data was done using a Mann-Whitney U-test. The Wilcoxon test was used for ingroup comparisons. Results were evaluated using a 95% CI, p < 0.05 significance level and p < 0.01 high significance level.
ReSulTS
A statistically significant difference was not observed between the two groups, in terms of follow-up parameters (p>0.05) ( 
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scale is quite high, and it is routinely recommended before and after lumbar disc operations together with clinical and radiological evaluation (26, 28) . However, we did not detect a difference between the groups; this could be interpreted as exercise therapy as applied in the present study does not have a psychological effect.
The success of the therapy was also determined by evaluating the time it took to resume work. The ratio of those resuming work was reported as 70%-80% at the end of week 12 after lumbar disc surgery (10) . Rehabilitation therapy applied after lumbar disc surgery was shown to increase the ratio of those resuming work (9) . In the current study, all patients resumed work within 12 weeks in the follow-up period.
Severe pain observed in the early post-operative period is due to failure of the operation. Exercise therapy cannot be applied under these conditions. In the current study, significant reduction in the severity of pain positively affected the applicability of the exercise program.
This study has some limitations: the small number of subjects and a follow-up period of only 3 months. Additional problems such as radiological or clinical instability may develop in the long-term and lead to new clinical findings, particularly in patients who undergo spinal surgery. We could not find longterm studies investigating these parameters. Therefore, we limited the follow-up period to 12 weeks for evaluating the effectiveness of the exercise therapy. We consider that clinical and radiological assessments must also be done in long-term follow-ups with patients when evaluating the effectiveness of exercise therapy after microdiscectomy.
Results of previous studies investigating the effectiveness of exercise therapy after lumbar discectomy may be discussed with different interpretations. Diversity, intensity, when to begin exercise, duration of therapy and last measured parameters vary among different studies. Although the exercises are different, it is controversial to discuss them together as they were initiated only in the early period. Similarly, in the presence of different exercise programs and measurement methods, it is controversial to discuss whether exercise should be home-or clinic-based. We believe that meta-analysis and further studies that evaluate different results and where variabilities are minimized are required.
The exercises applied in the current study are easy to understand and perform and the follow-up parameters are valid internationally. Therefore, we believe that multi-centre studies with a similar protocol that include more patients and discuss the duration, intensity and exercise site are needed.
ConCluSIon
Our results show that early exercise therapy effectively reduces pain and disability and improves the quality of life in patients who undergo surgery for lumbar disc herniation. Therefore, we believe that a rehabilitation program applied after surgery would further improve the quality of life gained through surgery alone.
dISCuSSIon
In the current study, an improvement was found in the control and treatment groups as regards all assessment parameters. In the treatment group, improvement was more significant in the VAS, Oswestry Disability Index and SF-36. 'Excellent' patient satisfaction was reported in 80% of the treatment group and 66.7% of the control group. The findings indicate the positive effect of exercise on pain and the Oswestry Disability Index positively affect quality of life.
Previous studies have reported the positive effects of exercise on pain and disability after microdiscectomy (8, 13, 25, 29, 33, 42 The current study applied an early exercise program beginning on post-operative day 1. The intensity of treatment was consistent with patient tolerance and gradually increased with time. The control group was given no exercises in order to evaluate the effectiveness of the exercise. Obtaining a more significant improvement of pain, disability, and quality of life indicates that early exercise treatment could affect surgical outcomes positively.
Exercise therapies are implemented at an institution or as a home-based program. In controlled studies comparing clinic-based/intensive exercise and home-based exercise, it was shown that clinic-based/intensive exercise therapy is more effective than home-based exercise; however, homebased exercise was more effective than the control in terms of pain, disability and functionality (27, 33) . Johannsen et al. compared home-based exercise and clinic-based exercise therapy. While no change occurred in the Oswestry Disability Index, a reduction in low back pain and an increase in quality of life were observed among the subjects who were given home-based exercises (26) .
In the current study, patients were given home-based exercises, after considering the time and money required for going to an institution. The study also aimed to reduce the positive and/or negative psychosocial effect of hospital stay or hospitalization by applying a home-based exercise program.
Improvements were observed in the VAS, Oswestry Disability Index and SF-36 as well as the Beck Depression Inventory Scale. Similarly, previous studies reported that the Beck Depression Inventory Scale scores decrease as back pain decreases (26, 28) . The psychometric value of the Beck Depression Inventory
